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Uniform transmission of pressure is necessary
if the best possible results are to be obtained in the
dry press process of brick manufacture. In the forming
of dry press wares, an unequal transmission of pressure,
or a pressure gradient between different zones, produc-
es har~ul effects which oannot be overcome in the SllO-
ceeding operations. Craoks, differential shrinkage, low
strength values, and even an inferior resistance to eor-
rosion may result from the improper pressing of the
green body.
Several factors influence the transmission. The
effect of the size and shape of grain,l the time of
pressure application,2 and the degree of pressure and
the physical character of the mix3 have been investi-
gated; but a survey of the literature fails to reveal
any pUblished information on the effeot that the rate
ot ram movement has on the transmission of pressure in
dry pressed bodies.
(1) H. R. Herron, Thesis: The transmission ot
pressure in the dry pressing of typical building brick
and fire brick mixes as affected by the variation in
grog size. (1931)
(2) R. E. Lee, Thesis: The effect ot the time
of pressure application on dry pressed bodies. (1931)
(3) "A study of the Dry Press Prooess." Dodd,
Page, and Netzeband, Briok & Clay Record, LXXVIII, 0,
(322), t 3J..
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Authorities agree that a reduction of the speed
of the r~ reduces the chances of crack development in
a dry pressed body, because the slower compression ef-
fects a more complete expulsion of any air entrapped in
the interstices between the grains. It is generally
conceded that entrapped air is one o~ the causes of the
development of cracks upon the release of pressure. l If
the ram travel;is sUffioiently slow to permit the escape
ot entrapped air before the mix is compressed to the
point at which de-airing is prevented, the pressure crack-
ing, as it 1s called, might be overcome.
(11 Rueckel: Research in Dry Pressed Retraetor~
1e8, III. J.A.C.S. XIV, 10, 1931.
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PURPOSE OF INVESTIGATION
The object of this in estigation was to study
the relationship between the rate of ram movement during
the initial application of pressure and the transmission
of pressure in the dry press process; to study the ef-
fect of various rates of ram movement; and, as far as
possible, to determine the critical rate for uniform
pressure distribution within the body.
MATERIl\.LS USED
The raw materials used in this investigation
vary greatly in their physical properties, and so cover
practically the entire range of clays which are used in
making common and ~ire brick by the dry press process.
They consisted of St. Louis Surface clay, Cheltenham
clay, Empire clay, and Hard Flint clay.
The St. Louis Surface clay is a red-burning si-
liceous clay found in and around St. Louis, Missouri. It
is used extensively in the manufacture of common brick.
It is or loess origin, which accounts for the large
quantity ot tine grains and impurities that1t contains.
It is designated by the letter "A" in this study.
Cheltenham clay is a plastic fire clay from the
st. Louis district and is design,ated by the letter "Btt.
This clay is of marine origin, is very pure t and disin-
tegrates into fine grains on contact with water.
Empire clay is a North Missouri semi-flint clay
and is designated by the letter tt ft. It is much ,less
plastic than the Cheltenham fire clay', but is very pure,
and 1s used in the manufacture of the best grades of
fire brick in Missouri.
The fourth letter, "Dn, is applied to the mix-
ture containing 75% by weight of No.1 Missouri Hard,
Flint .clay, and 25% by weight of Cheltenham clay. The
Flint clay is a pure, non-plastic refractory clay., of
marine origin, found in North Missouri. It is used
primarily as a component of fire brick mixes.
TYPE OF PRESS
The dry press machine used in this investigation
was obtained from the Hydraulic Press Manufacturing Com-
pany of Mount Gilead, Ohio. It has a total capacity of
135 tons, and a mold box 20 by 9-3/4 by 4-3/4 inches in
size. The lower ram travel 1s 22 inches, and the mold
box travel is 1-1/4 inches. The deep mold box makes it
possible to press blocks as large as ten inches in depth.
This proved a decided advantage since it permitted a
block to be made of several one- to two-inch layers suit-
able for examination. The press is actuated by a motor-
driven plunger pump which draws water from a closed res-
ervoir and forces it into the cylinder at a maximum pres-
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sure of 6000 pounds per square inch.
In operation, the hydraulic cylinder moves the
ram upward through the bottom or the mold box. A remov-
able ram block forms the stationary top for the mold.
Because the movement is applied to the bottom of the mix,
the lower layers are the first to become compressed.
They, in turn, transmit the pressure upward to the layers
above, and outward to the sides of the mold box. A point
in the operation 1s reached at which the pressure outward
becomes great ,enough ~o create sufficient friction between
the grains of the mix and the sides of the mold box to
raise the mold box through a maximum distance of 1-1/4
inches. During this period, the stationary ram in the
top of the box transmits pressure to the upper layers or
the block. As a result of this type of action, the lower
layers are the most dense, the middle layers are the most
porous, and the top layers are moderately dense. However,
when extremely high pressures are used, so much of the
compression takes place after the mold box has reached
the end of its movement that the side-wall friction is
overcome, and the press acts as though al,l the compres--
sion was effeoted from the lower end.
PROCEDURE
Milling and Screening
All the clays were ground in a three-foot dry pan
running at 60 r.p.m. The screen plates had openings 1/8
inch in width, and 5 inches in length. The St. Louis
Surface clay was ground to pass a lO-mesh screen, while
the Cheltenham, Empire, and Flint clays were ground· to
pass an 8-mesh screen. A Great Western Manufacturing
Company gyratory riddle was used for screening. In every
ease, the oversize was returned to the dry pan and re-
ground until the entire sample had passed through the
prescribed screen.
The Cheltenham and Flint clays were proportioned
and mixed after the grinding had been completed. Each
clay and the mix was quartered down to give a represen-
tative sample tor sizing analysis. Each s~ple was
screened in a Tyler Rotap machine for twen~ minutest and
the percentage retained on each sieve was calculated.
The results are contained in TABLE I.
Tempering
After grinding, each clay and the mix was temper-
ed in a smal1 laboratory kneading machine. Eight percent
by weight of wa.ter was added slowly to the batch oontain-
ed in the kneading maohine. The kneader wa.s run for five
--7--
TABLE I
SIZn~G ANALYSES ON DRY P.ANNED l'.fATERIAIS USED
Tyler Standard Clay Clay Clay Clay
Sieve A B C D
on 8 0.0 0.0 0.0 0.0
thru 8 on 10 O~O 38.9 21.6 26.7
thru 10 on 14 12.3 13.4 10.7 15.0
thru. 14 on 20 9.9 7.9 8.0 10.9
thru 20 on 28 11.4 7.8 9.4 7.5
thru 28 on 35 6.7 4.6 6.3 7.3
thru 35 on 48 8.0 5.5 7.5 5.6
thru 48 on 65 4.7 3.5 6.0 5.3
thrtl 65 on 100 4.5 4.7 9.7 4.2
thru 100 on 150 3.6 4.5 6.4 4.0
thru 150 on 200 1 •. 0 1.8 5.0 3.5
thru 200 37.3 7.4 9.4 10.0
Total 100.0% 100.0% 100.0% 100.0%
minutes, and the tempered clay allowed to stand under
cover for twelve hours before forming to insure uniform
moisture distribution.
Modification or Press to Vary Ram Speed.
The rate of ram travel is normally quite slow,
and it had to be increased to give a series of different
speeds. The use of a pressure acoumulator and the sub-
stitution of a lighter hydraulic fluid were considered,
but the expense of the former, and the inflexibility of
operation with the latter caused these methods to be
abandoned. Desirable results were obtained by admitting
compressed air to the closed reservoir ahead of the pump,
thereby giving the fluid an initial pressure and increas-
ing the pump's capacity. By employing various air pres-
sures in this manner, several rates of ram movement were
obtained. In the presentation of data, the letters "b",
"0", "d", nan, and ntn refer to those rates produced by
the pump and air pressures of 20, 40, 60, 80, and 100
pounds per square inch respectively. The letter "an re-
fers to the test in whioh the pump was unassisted by the
compressed air.
Forming
Each block was made up of eight layers of un1~
form weight __d about two inch~s thiek before compression
--8--
and eaoh layer was separated from the adjacent one by a
sheet of crepe paper dusted With potter's flint. This
facilitated separating the layers and obtaining test
pieces. After charging the mold box, the pump was turn-
ed on and the press run until the desired rinal pressure
was attained. The time of press operation, the distance
o~ ram travel, and the height of the block were· observed.
The overall speeds and the number of blocks made are
presented in TABLE II.
Because of the very non-plastic character of the
mixture, which was 75% Flint and 25% Chelt·enham. a pre~­
sure of 1000 pounds per square inch was exerted to pro-
duoe a good bond. Speeds "en and "ft! were omi tted in
the case or the compression of St. Louis Surface clay to
pressures beyond 1000 pounds per square inch, because the
results on the first four speeds indicated that the speed
of the ram movement had no effect whatever on the trans-
mission of pressure at the pressures of 2000 and 4000
pounds per square inch.
Samp1ins and Drying
~ter forming, the blocks were removed from the
mo1d box. The 1ayers were separated and broken along the
dotted lines, shown in Figure I. Samples about 2~1/2
inches square from opposite corners of each layer were
marked and saved for the pressure determinations dis...
--9--
TABLE II
Overall. Speeds on Various Blocks
Inches per Minute
Pres- Speeds
Material sures1 a b c d e f
St. Louis . 500 2.7 3.4 4.5 6.5 9.0 12.3
Surface
"
It 1000 2.8 3.2 6.1 8.9 9.5 10.9
tt
"
2000 3.6 5.0 6.2 6.6
"
n 4000 3.5 4.5 5.9 6.5
Chelten- 500 3.1 4.0 5.3 10.5 9.9 15.0
ham
:Empire 500 3.4 4.0 6".0 9.0 10.1 12.3
75% Flint 1000 2.9 3.9 5.0 5.3 6.2 8.4
25% Chelt.
Empty box 500 4.6 18.2 31.6 40.0 54.5 66.7
Thirty-eight (58) blocks were made.
(l) Atter the pressure application had started',
approximately one (1) second was required per 100 pound
pressure increase.

cussed later. These pieces were air-dried for rive days
at room temperature, and then completely dried for twelve
hours at a temperature of 2350F.
Determination of Pressure Distribution
Several methods of determining the pressure at-
tained at the various zones in the blocks were consider-
ed; and while these were not adopted finally, they war-
rant mention and, possibly, future reconsideration.
First, it was proposed to insert short copper tubes hor-
izontally at various levels in the block, and after com-
pression. measure the extent of their collapse. By com-
paring the degree of oollapse of similar tubes at various
pressures. a direct measure of the transmission of pres-
sure could be obtained. However, this saheme proved im-
praotieal, due to the variations encountered in the tube
structure, and the unknown effect produoed by the grains
of clay that tended to fill the tube during compression.
It was then proposed to replace the tubes with
gelatin capSUles tilled with a powder which would become
more and more compact under increased pressures. The
compressed powder would be less readily soluble 'than
the loose powder, and the time of solution would vary
directly with the degree of compression to which the cap-
sules oontaining the pOWder had been subjeoted. This
plan was abandoned after a little experimentation, due
.....10--
to the varying effects of pressures on the capsules used,
and the difficulty in finding an ideal powder and solvent.
A variation of this scheme using sheets of gold
leaf which would cold-weld under pressure suggested it-
self. The area of exposed surface would be decreased and
the time tor solution in aqua regia would be increased in
proportion to the pressure encountered.
However, time did not permit the development ot
a technique neoessary to use 'iany such direct measurement
of the pressures. Instead, the theory that the resulting
density is a true measure of pressure was accepted. and
the standard procedurel of determ~ning the apparent po-
rosities or samples ot the compressed mix, taken from
different layers of each block, wa's used. Dodd, Page,
and Netzepand showed that the porosities do not vary ap-
preoiably horizontally--there is pr_ct1cally perfect
transmission of pressure hQiizontally in each layer-.but
the vertical variations offer an index of the pressure
developed.
Apparent Porosities Dete~inat1ons
The two pieces from each layer, which were oom-
pletely dried, were allowed to cool in a dessioator,
(11 "A· study of the Dry 'Press Process", Dodd,
Page, and Netzeband, Brick and Clay Reoord t LXXVIII,
6, (322) '30.'
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brushed thoroughly to remove loose particles, and weighed
dry to the nearest .05 gram. The samples were then im-
mersed in kerosene and subjected to 26 inches of vacuum
for two hours, atter which the weights saturated, and the
weights suspended in kerosene were determined and record-
ad.
The apparent porosities were calculated for each
s~ple from the formula
.~ Weight Saturated - Weight Dry
Apparent Porosity == Wergn~-Sa~uratea-=-Wergnf-guspenaea-
DATA
The apparent porosities were averaged for each
layer, and these averages were plotted against the layer
numbers to give the curves presented in this report.
TABLE A-I and PLOT A-I g1 va the data and curves
on the blocks or st. Louis Surface Clay, pressed at six
different rates of ram movement to 500 pounds per square
inch.
TABLE A-II and PLOT A-II give the data and curves
on blocks of St. Louis Surface clay., pressed at six dif-
ferent rates of' ram movement to 1000 pounds per. square
inch.
TABLE A-III and PLOT A-III give the data and
ourves on blocks of st. Louis Surface 'clay, pressed at
four d1rfer8n~ rates of ram movement to 2000 pounds per
square inch.
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TABLE A-IV and PLOT A-IV give the data and curves
on blocks of St. Louis Surface clay, pressed at four dif-
ferent rates of ram movement to 4000 pounds per square
inch.
TABLE B-1 and PLOT B-I give the data and curves
on blocks of Cheltenham clay, pres.sed at six different
rates of ram movement to 500 pounds per square inch.
TABLE C-I and PLOT 0-1 gi ve the data and curves
on blocks of Empire clay, pressed at six different rates
of ram movement to 500 pounds per square inch.
TABLE D-II and PLOT D-II give the data and curves
on the mixture of 75% North Missouri Hard Flint and 25%
Cheltenham clay, pressed at six different rates of ram
movement to 1000 pounds per square inch.
--13--
TABLE A-I
St. Louis Surface clay -- 500 pounds per square inch
Speed a b
%Apparent Porosi ty

























































Approximately 3-1/4 pounds olay per layer
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TABLE A-II
St. Louis Surface clay -- 1000 pounds per square inoh
Speed a b
%Apparent Porosity





















































Approximately 3-3/8 pounds clay per layer
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TABLE A-III
st. Louis Surface clay---2000 pounds per square inch
%Apparent Porosity
Speed a b c d
Layer 1 34.9 36.1 33.1 35.4
"
2 34.? 35.5 34.1 34.1
It 3 33.9 34.2 31.9 35.2.
n 4 32.4· 33.2 30.2 33.0
"
5 31.5 31.0 28,5 30.9
"
6 30.? 30.4 27.8 29.9
"
'l 28.8 29.0 2?5 29.2
n 8 28.9 28.7 27.3 28.3
Average 32 0 0 33.5 30.0 32.0
Heights 8.4 8.5 8.2 8.5
Approximately 3-3/8 pounds olay per layer
- ..16--
TABLE A-IV
St. Louis Surrace clay
-- 4000 pounds per square inch
%Apparent Porosity
Speed a b c d
Layer 1 30.7 30.1 . 30.0 30.4
"
2 29.3 28.7 28.5 29.5
n 3 21.7 26.8 28.3 27.7
It 4 26.6 25.5 27.3 26.2
" 5 26.2 25.3 25.8 25.8
tt 6 25.1 24.5 26.2 24.8
tt 7 23.9 24.4 24.8 25.2
" 8 22.6 23.5 2,3.8 23.9
Average 26.5 26.1 26.8 26.7
Heights 7.7 ?7 7.7 7.7




-- 500 pounds per square inch
%Apparent Porosity
Speed a b c d e f
Layer 1 21.7 22.3 22.8 24.4 24.1 23.7
It 2 22.1 22.4 23~6 24.8 24.7 24.8
tt 3 23.5 22.7 23.9 25.3 26.4 26.3
It 4 23.2 23.4 23.7 25.1 25.0 26.0
It 5 21.4 22.8, 22.8 24.2 24.0 25.7
It 6 21.4 22.3 22.8 24.2 24.0 24.8
It 7 20.9 22.0 22.4 23.3 23.1 24.0
ft 8 21.0 21.6 22.2 23.1 22.6 23.6
Average 21.9 22.4 23.0 24.3 24.2 24.9
Heights 8.0 8.0 6.0 8.0 8.6 8.6
Approximately 3-1/2 pounds clay per layer
--18--
TABLE C-I
:Empire clay 500 pounds per square inch
%Apparent Porosi ty
Speed a b c d e f
Layer 1 21.8 22.6 22.5 22.9 22.1 22.3
" 2 22.6 23.1 23.5 24.0 22.0 22.7
It 3 22.8 23.3 24.0 24.6 23.2 23.1
"
4 23.5 23.5 23.6 24.1 22.4 24.1
"
5 22.0 2.3.8 23.6 24.5 22.0 22.6
tt 6 21.7 21.6 22.8 23.1 22.2 21.8
"
7 21.0 20.7 22.9 22.4 20.8 21.5
ft 8 20.4 21.7 21.8 21.8 20.6 21.4
Average 22.0 22.5 23.1 23.4 21.9 22.4
Heights 8.8 8.7 8.8 8.9 8.2 8.2




-.. 1000 pounds per square inch
25% Cheltenham clay
%Apparent Porosity
Speed a b c d e f
Layer 1 35.1 31.6 35.0 34.2 29.5 35.0
n 2 35.8 32.8 33.9 33.6 30.6 35.7
It 3 35.4 33.8 35.2 34.2 52.1 35.2
It 4 35.4 33.1 33.9 33.6 31.6 34.7
" 5 34.0 33.2 34.2 33.3 30.4 34.4
1t {; 33.4 31.7 33.3 33.2 30.3 33.7
"
7 31.7 31.6 32.5 32.5 29.9 32.3
tt 8 31.4 31.3 31.2 31.6 28.1 32.0-
Average 34.0 32.4 33.7 33.3 30.3 34.1
Heights 10.5 10.3 10.5 10.3 10.3 10.3
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st. Louis Surface clay -- 500 pounds per square inch
A study of Plot A-I reveals that the more uni-
form blocks were produced at the slower speeds. The max-
imum variations of porosities within the" block ranged
from 4.2% to 5.5% for the speeds up to, and including
"en. The maximum speed of ram.movement used in this in-
vestigation resulted in an irregular porosity gradient
and a greater overall variation in porosity. This con-
clusion 1s based on the figure of ??%, obtained for
the maximum variation within the block formed with the
1
speed "fn. St. Louis Surfaoe clay contains a large a-
mount of fine grains. As a result, it orfers a great-
er area tor contact with the mold box, and consequently
there is developed a greater friction between the grains
or clay and the sides of the mold box. This accounts
for the greater density developed in the lower layers,
as compared to the layers above.
St. Louis Surface clay -- 1000 pounds-per square inch
Similar results were recorded when the clay was
compressed to 1000 pounds per square inch. Figures rang-
ing from 4.2% to 5.4~ represent the maximum variations in
(,1) referenoe: Figure II
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porosities within the blocks formed with the speeds up
to, and including speed "eft. Again, speed "rtf gave an
outstanding figure of 6.7%. Thus, there appears to be
a' critical ~Ieed which should not be exceeded, lest the
transmission of pressure be unnecessarily irregular.
st. Louis Surface clay -- 2000 and 4000 pounds per square
inch
In all probability, compression to 2000 and 4000
pounds per square inch masked the effect of the variations
in the speed of the ram. A glance at the curves shows
the effect of the lower ram applying pressure after the
mold box had passed through its movement of 1-1/4 inches.
Maximum variations in porosities within the blocks range
from 6.1% to 7.4%, and from 6.2% to. 8.1% for the 2000 and
4000 pounds per square inch pressures, respectively. Evi-
dently the rate of ram movement was insufficiently high
tor the pressures attained.
Cheltenham clay -- 500 pounds per square inch
A difference of onl~ 2% in the maximum variations
in porosities within the blocks of Cheltenham clay indicates
that the critical speed of the clay is beyond the range of
speeds used in this investigation. However, the existence
of a oritical speed may be interred from the regular gra-
dient of average porosities from 21.9% to 24.8% as the
- ..22--
speed of the ram was increased from "a" to "fn. It is
possible that, had faster ram movement been effected a,
speed, too great for uniform pressure transmission, might
have been reached.
Empire claz -- 500 pounds per square inch
The Empire clay showed a relatively good trans-
mission of pressure throughout the range of speeds of the
ram used. The average porosities for the blocks show
no progressive increase with the increase in the rate of
ram movement, as do the ~igures on the blocks of Chelten-
ham clay. It can be inferred, from this data, that the
critical speed of the Empire clay is greater than that
.-/""
of the Cheltenham clay, and lies far beyond the speeds
used in this investigation.
75% Flint 25% Cheltenham -- 1000 pounds per square inch
The hard, granular Flint clay in this mix allows
the air to be expelled from the block much more readily
than would a soft, fine grained loess, and as a result,
fairly uniform pressure distribution is produced, as shown
on Plot D-II. The maximum variations in the porosities
range from 2.5% to 4.4% within the different blocks. Evi-
dently the critical speeS. of the mixture is not included
in the range or speeds used in this study.
--23--
CONCIUSIONS AND RECOMMEDNATIONS
This study seems to justify the following con-
clusions:
1. Slow ram speeds are generally more conducive
to uniform pressure transmission in dry pressed bodies than
high speeds.
2. There is a critical speed of ram movement, a-
pave which a uniform pressure gradient cannot be obtained.
3. This critical speed rises with the pressure
to which the block is sUbjected.
4. The critical speed depends on the character
of the particular clay: fine grained clays have lower cri-
tical speeds than the coarser grained clays.
5. Within the ordinary working ranges, the seed
of the ram movement is just as vital a factor in the dry
press operation as grain size, grog content, plasticity,
moisture content, or any other variable encountered in the
process.
Because the range of speeds was necessarily limit-
ed in this investigation, it is recommended that it be con-
tinued at still faster speeds, particularly in the cases
where the higher pressures are used; and it is also sug-
gested that, when time and racilities permit, some direct
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